The Six Sigma system is widely used in industry to implement quality systems. It is a formal application of theory and practice to make better business decisions about design and manufacturing. Given the applied nature of the methods, a certification system has grown to endorse professionals that have received the training, applied the knowledge, and demonstrated results. One such example is the American Society for Quality (ASQ) Certified Six Sigma Green Belt (CSSGB) 1 . Naturally there has been interest in greater recognition of the standard from academia. The common response is that academia already prepares graduates with the needed knowledge. This paper outlines a brief study of the differences between an undergraduate manufacturing engineering curriculum and the certification. The results indicate that there are opportunities that could be considered for both academia and industry.
Introduction
Manufacturing oriented programs shape industrial practices through educated graduates. In turn manufacturing educators look to practice for opportunities to refine and improve curriculum. Generally academic programs are the source of formal curriculum and assessment. Occasionally industry develops certification standards with a practical focus on applied theoretical knowledge. The majority of these certifications focus on problems shared by most manufacturers. Popular certification subjects include project management, manufacturing efficiency, and manufacturing quality.
The Six Sigma body of knowledge was originally developed by Motorola in 1986 2 . It addressed manufacturing quality issues by integrating statistical tools with engineering and management practices. The certification process is based on increasingly difficult training and application of the principles. As professionals gain expertise they are awarded levels that include Yellow, Green, Black Belts, eventually earning the the Champion designation. Reviewing the curriculum for this program shows a great deal of traditional academic content integrated with business practices. In short, much of the standard manufacturing engineering academic content is in the certification. But, the organization of the standard is not well aligned with academic subjects. If anything the Six Sigma content appears as curriculum threads, as opposed to course sequences.
Industry and academic discussions are often hampered by different interpretations and views of manufacturing engineering knowledge. The Six Sigma certification standard provides a basis for communication. The key areas of the standard are Define, Measure, Analyze, Improve, and Control. This paper maps a manufacturing engineering program to the Six Sigma green belt standard. The map shows that programs generally deliver essential statistical methods and content. Other topics in the standard, such as 'Piloting your solution', are more suited to experiential activities in laboratories and projects. The outcome of the paper is an indication of how the standard manufacturing curriculum supports the Six Sigma standard. In addition, the paper will highlight aspects of the standard that do not require the addition of new courses but can enhance traditional topic coverage.
Six Sigma Green Belt Body of Knowledge
The topics listed below are summarized from the American Society for Quality Body of Knowledge for the Six Sigma Green Belt certification 1 . The document also lists a number of questions, indicating a relative weighting of topic importance. For the green belt certification the define and measure phases are emphasized. A cursory review of the topic list reveals many topics normally included in Manufacturing Engineering and Technology programs. The body of knowledge clearly includes theoretical elements, such as statistics, that are core to most undergraduate programs. Other elements are emphasized through projects and laboratory experiences including teamwork and data collection. Additional details can be found on the ASQ website ( http://www.asq.org ). 
Pedagogical Goals
The learning model developed by Kolb 3 is widely used in the academic community. The same model has been embraced for Six Sigma certification 1 . Although the levels of the model have been renamed, the underlying concepts are the same. At the lowest level there is some memory of a topic. As the learner moves to higher intellectual levels they eventually move through application to eventually develop new knowledge. The six sigma green belt criteria generally expect abilities in the middle of the hierarchy.
• to the industrial environment, the manufacture of quality products, and the basic principles of leadership.
Helps students develop a better selfunderstanding through selfassessment and career development theory and prepares students for the coop interview process.
EGR 250 Materials Science and Engineering The internal structure, composition, and processing of metals, polymers, and ceramics are related to their properties, end use, performance and application in engineering. Another important note is the nature of the cooperative education system. Each student is placed with an employer that provides exposure to their processes, systems, and expectations. The result is that many, but not all, students have had training and use of systems like FMEA, process studies, etc. In addition, if they are working with an employer that has a strong Six Sigma program, they will receive formal training in many of the core topics. It is a testament to a joint education experience that benefits students. Of course the other outcome is that the experiential knowledge is not consistent in depth and coverage.
Relating the Curriculum to Green Belt Criteria
The general categories of the CSSGB requirements are listed in Table 1 . The columns are the learning levels defined by the ASQ. Each of the Grand Valley State University courses are added where they address requirements and how much so by column placement. For example, in EGR 107 the students are introduced to the concepts of project management including work breakdown, Gantt charts, and budgets. The CSSGB standards are also indicated with 'STD' highlighted in blue. In some cases the categories range for ability, in those cases the highest expected level is indicated. From a distance the chart shows a reasonable match between undergraduate curriculum and the CSSGB. Notable lags occur in a few of the topics focused on Six Sigma management and programs. Additionally there are lags for some of the organizational tools for processes. However, the undergraduate curriculum leads for many topics on a theoretical nature.
Without any other coursework and/or cooperative education experience an undergraduate student would be poorly prepared to pursue the CSSGB recognition. However, it would be possible to address these gaps with an elective course 5 .
The topics in such a course are listed. The one barrier would be the selection of a process family to apply the topics. One example where this worked well was a plastics engineering technology minor 6 . A lower impact alternative is for an instructor to adopt various topics for use in the classroom, laboratory, or project Many of the leads and lags are for topics that are industry and process specific. It is reasonable to argue that these should be left to the employers and new employees. In that case the list of topics can be used as a guideline for career development.
Conclusion
A manufacturing engineering curriculum has been mapped to the six sigma green belt certification body of knowledge. The mapping was done for the minimum level of coursework, ignoring additional topics that may have been studied in elective courses, or during their cooperative education semesters. A table was developed to map academic to certification topics. It reveals that a good portion of a manufacturing curriculum satisfies the six sigma criteria. And, that the gaps are in areas that are better suited to postgraduate professional experience. Currently the CSSGB examination is not offered to students in the program. However this map is the first important step in that direction.
As mentioned before, the authors are not suggesting that curriculum should be explicitly designed to satisfy the six sigma certification criteria. However the CSSGB body of knowledge can inform the process of curriculum review and revision and may aid in establishing a baseline set of skills and knowledge expected by industry. In addition it can enrich academicindustry discussions. Industry can also benefit from the list of topical gaps as they hire and train new employees.
Faculty are encouraged to repurpose the table created for the Grand Valley State University curriculum for their own purposes. It will be particularly valuable when working with industry and when demonstrating industry relevance for accreditation. And, programs that cover most or all of the six sigma certification topics can consider offering the certification exam to their students.
